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(57) Abstract: 

PROBLEM TO BE SOLVED: To realize a 
high-practicability light emitting thyristor having a 
switching characteristic and visible light emission 
characteristic. 

SOLUTION: On a GaP compd. n-type semiconductor 
single crystal substrate 1 an n-type emitter layer NE 2, 
p-type base layer PB 3, n-type base layer NB 4 and 
p-type emitter layer PE 5 are formed to form a pnpn 
structure. The layer 3 is 3 microns thick or less, and 
its p-type carrier concn. is set to a range from 
4xio 16 cm~ 3 to 3xio 17 cm" 3 . The boundaries between the 
layers 2 and 3 and between the layers 3 and 4 have 
neither spike-like protrusion nor recess but are made 
flat to obtain a good switching characteristic. N atoms 
to be emission centers are doped near junctions J1 and 
J3 and n-type carrier concn. at the layers 2 and 4 near 
these p-n junctions is reduced to the order of 10 16 cm' 3 , 
thereby enhancing the brightness of the yellow green. 
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[HUB! -x>f ^^^^«M4fcpT«»3t«M4«:jl(SEJafl|*. 

iSffl^ f * V ^gfe-C NlJ ( N E J1 ) 

2, Pl^-^i (Pjf) 3, Nl^-Xf (NJ) 
4, Pii^s'^l (P E /1) 5 SrHHifc^jS U PNP 
NiiltLfc. PbSS^JSKPStS /zmJ£AT, Pe*©P 

V X 1 0 ,6 c m-'J£A±, 3X1 0"c 

m-'^T^fEffli-ta^U P.J1 3 t N E J1 2 , P„Jf3 

tfV^U r;ftkPNig-£-iSfg«Njf 2, N.B4ffi!l© 
vrmst^i o ,6 cm- 9 ^--^— id{g<i-5r 
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3 PbM 
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fc^**»ft#y?iH (GaP) <D 

(N E ») , P^<-*/f (Pall) . Ni^< 

— (NJB) > *5<tVPlx^ y ^i (P E Jf) SrliK 

(J 2 ) Kfe^T, PB^^flIiP^3 ^m^T, ^il^P 
PbI^)^ f y 4 X 1 0 16 c m^±, 3X1 

0 17 c m-3»T<0ttHfcR£b&£ * * 

(C^T, N E i^J:t;Nj(DNiK-/^MrS i t 

«ONii©^t VTmJg%l x 1 0"cm^Ti: b 

tw**4 ] 1-3 <D\,^thMcmm.<omyty- 

[0 0 0 1] 
[0 0 0 2] 

(i) ^sxfy/«Httl*o#?iu, si*ifSr 
ffi3t^*3K«FttSr«FO*-?i: bTti, G a P*f<z>fb& 
<5 0 ba>U ^fflftStbfcm^fe^toiirWo^W** 

caifeitW ^^tl^^TfcbT, 
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[0 0 0 3] (2) ©LED/^/^l:, * 

^nSU^JH^^^-f Y-^v^^^^U «MB*tJfcbfc 
2 fe^^oo 3 «^ 38*^ a— K9 v^jWB v ^ fcti/t ^ 
io 3 0 L^b^i±^^:#<S*^^7fe^^ffl^^2fe 
3 ^^7^/1^ Ltv>f , fcir^-fi, l 
o**<o*3te^*-- K3(H\ t> 5 1 oSr*»©J836t 

[0 0 0 4] (3) -^GaPMim NiGa 

20 ^Sc^n^o »*t^ y ttPNPN^ma-e*, 
*«fett, #y^ (Ga) o«»*as£<^«jsres>5 
5c*©tt:a[«>iijc:j:9. ^i^is^^t y rmm<oa 

(NJt) J:Nixt7^rv't/^ (NJ) irco 
Mi-PfflRteB (PJ) «:3B£Sii\ n<Z>«, T^i? 

»±fcPffl3itr^*^-lr^B (PJB) 

i- J; *9 . 1 lH](7>^ffi^t 0 ^^rv--r/PT% PNPNi^ 

fy^»ttl:lS4PNi^ J.^PJ1^» 

40 jp^«j»^Hj8i*r p B )i^N B iico^Et-^^ 0 

[0 0 0 5] SI*fe<Oi«l»«38*S:#Sfc«>tJ: 

ti, 2o<z>PNgg£\ "Tftt?*> Jit J, <^5fi«, *5<fc^ 

SEIRS: K— if^^i-Si^KdS&S r t, ^J:t^2o^p 
N»*ifi«05NS!H<D*-ryT»*«:ifi:*« (l0 16 c 
m-3^-y-) te:WJfflIi-6r t^Sf^fcSo ^(Df^isb 
K(-fftP^bfc2oC0riit 0 ^^^-r/W£T^i, 
50 *«v^i:v^5Fp^ffi!&s&5o 
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[0006] (4) mmm<owM9i&\z. &n<D-^m> 

wtu^co^^ (B) ^aft^aBESrtftto'rs^jfe 
SI3£tt, BiJ«S^^B-^fc5 0 £fe (a) oum*. $> 

[0 0 0 7] 

[0 0 0 8] (i) «ffi-=e^— «idifibfc;*>r 

[0 0 0 9] (2) y>f*-KWttfcf->< y^*»tt<z> 

[0 0 10] SfcK. ±aLfc«FttO*^Sr3ISi"Sr 
[0 0 1 1 ] 

[0012] ^m<Dmyt^^ yxfm+'v 

tt, ft^«4 £ »#*ft^y (G a P) £>N94M&ifl 

(NJB) , PS^-^S (PbB) , NS-<-7i (N 
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* PNPN«|jgS:W"t*5o 

[0013] rtu-j: 1 ?, mj±mm<o*4 yf~/y%f& 

[0 0 14] *^P^^«It1i^ ±i£<Z>* 

10 [0 0 15] ^*tl^J:9««cfe<D»*dSnriB4:*So * 
fcic:**:, **M<z>SJft-=E- = ^— "Ctt, fifties 1*9 

Snfc**«aESrlBib«BEi: It, ±j6a>36#1^ y * 
[0 0 16] rtU^J: V , «0E«S:3S3fetc<J:!9a*WfiB 
[0 0 17] 

20 (1) ft^^^ft^y^A (GaP) CONi^jS 

^b (n e b) . ps^^i (PbB) , Ni^-^a 

(NJB) , Plx?y?i (PeB) «rAW«Kj*U H 

[0018] y *^sw£*5vvr, 

^^^WFttSrXE-rsfAoPNS^, J 
PbB£ N 8 B<£>? «f^Pb»^BIJ5S:3 ^m«T, 
30 ^JzU^PBB^PSf*^ y TjgA£r4 X 1 0 I6 c m" 3 
£A_k, 3 x i o ,7 c m-3«T<z>«£H{-aa;3£b, PbB^O 

-r^fePBBiNjg^aEj^ffi, *3±^ 

PbB NJlco«t»BSfc^^>f ^ftoBPiGisftS* < 7 9 sx 

EE (v s ) , s/^>-^«flt (Is) , (ft«P*EE 
(V H ) , (I B ) G>«»s, TiE*l^«Sr«po 

40 [0019] 
[|gl] 
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[0 0 2 0] Pjf <Z>IRffaS3 MmHi, iSit^PjB 

(V B ) i>*h*4 ^^^^m^*T% ^&9<£>m§K 

ffijfti&S 5 0 0 // A&_k) #3-jE*t&V^£ AttJS 

[0021] r <o*4 y ^^Wttfcio^Tfci:, fifcffc;;*/ 20 

[0022] atjd, *^&#ttf;io^Tfi, iti»%x 

NifiJ (•fftfo*>N E Jl*3j;VNBBffla) ONl^rty 30 
71^1 0 16 cm^-^t:i< nyhD-y^ 

-To 

[0 0 2 3] (2) ±fe<^fg*1^ y *^*^£rffll^ 

fflv^ 2 3*^**5^^1-50 40 

1 oSrsS^Jfe^ 5 1 o^P:co*3t 

[0 0 2 4] (3) ±8B<z><fc 5t-. s^v^ 
y *#m?&m^mx*m$L~tZ>\a^ 2lalo^t@^e 0 ^ 
[0025] 1 mi^xt^^^t/^fi^i; 9, 

#y ^^n^^ksji^ N E mt PM^mmi, 50 



Ga^GaP^-||:, »4>Sp< h 4* i£tti&A/-C*5 
< 0 PNg^ (j.) iffflWi, *3tir^^-i: 

N E go j »N T S^t y TSSfj;, 1 0 16 
4 X 1 0 16 c rrr 3 BUi, 3 X 1 0 17 c m-3JWT^^ffl(- 

yymm (is) a3±if»«p«« (u ^*<*s 0 

4X10 16 cm-3KTCW5rtfl — tf?^ 

K^1~5o 

[0 0 2 6] ro^jST^i. 38*-fe^^— ^a*t>, P 
[0 0 2 7]fc 2[Hlgc7>^t 0 ^^rV^^^gi-J: 

>-^U p B i^e^^i/t^il¥lr3 MmKTJ-WJ 

tfOG a P<7>SS#afttiBfiafi]^ffi(iLT*5<o 2 01 

SitU Ga^GaPt-^, ^M^/^F^i-tt 
ii^S3< 0 PNM (J,) iE«-Ctt, 38#"lr 
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T-ftiWU l x 1 0 18 cm- J gSra^f6o 
[0 0 2 8] _hfE(£><fc 2IU0O^tB^t: <> ^= 3 ri/^^ 

irPi^rtyriia^R *s «t tester ^-fe^^Ftt 
[0 0 2 9] (4) ±mm^-f v ^^m^m^^x, 

«fea>«EE«rtft*PU «»<0*ftS: ; e = ^— 

x$m&%mm^&mmM&>&mx&z> 0 l^u @6c 

[0 0 3 0] KmSfet-^S h7^i h7> 20 

^as*#U *^^i«BEU'</^£JLT"CI8*:^s^H*.5^rv^5 
^a*-5**dSpIfiB-x?*)So -^T% SHfelM' y * * & 

#{fc«BE w<^«:«* J; < tft»"C# So 

[0 0 3 1] £AT. **W<Z>IIJfi^?gffi{^ov^r. tm 
i"5 0 ^mW^yt^'f V xfm^te, Bli:*t±5 
1k&#*m»mfc#V (GaP) (7)NSW B 

m^$v?m (nji) 2, ps^^i <pjb) 3, 40 

NS^^I (NbS) 4 n P§te* ( P Jg) 5 

U PNPN«igi:-r^ 0 
[0 0 3 2] El2t^^-r^EE- < a^#t4, 

[0 0 3 3] PbB3<Z5«JS«:3 j*m£*Ti: U *5«tW 
I^P B Jf OPS^r-Y !J7IIS^4 X 1 0 15 c m" 3 J^±, 
3XlO"cm-TOM:KU P B ® 3 eofSBfftil 
<£>§t^E, -t"*fct, PJ!3tNj2^ffffl, 
tfP B B3 ^N B H4(Z)*^ffiic:^/NV^#cC0liai£b^^< 50 
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J i*3 i W J ,iS« 1-38** V * - 4: * 6 W S: K 
— fv^U £>o, gf|E<7>2ooPNffi^i5«ON^JB 
ft'J. i"/j;*>*>N E B2*3«J:VNJB4flfl<^N^^iryT» 

IS»fe^»*-9-^ y *^*T-o#/f tf)^ y T^ft^M 

^W47 P P7 7^f^*to 
[0 0 3 4] ^##1^ y***^tt\ fei^LtiSl 

Srfflwr, HstStJ: 5 *»Wtt<z>*:# 
*^Srfflv^fc2fe»*co3iH^383fe9^i:-rSo fci: 

ss»^*3tf-^ y^^*^2 2 t-t-So is— 3^Ji^. 

<z>* : F^p«««Sr*ix^*T>fi9J« J F2 4 t 2 5^74 
U 2fe^*o^>'^ > i:-r^o ^nte, fi£Ef£<fc9«3fc 

[0 0 3 5] *1 ty^^#f££»i» 
[0 0 3 6] H9iC 2In]^ffl^b: 0 ^^^/^#^&<^ 

[0 0 3 7] tf, l 0 0 Oti-cSiKUfc^/UMfHuiB 

l. 5X;/ftX\ 9 2 5t:*-t??&*P"t-So ---C, 
i$l£Sr l. Ot:/^^^*., NH 3 ^^icc/^I 
*"e«Rbi6», 8 o 5X:-£x&m~fz> 0 --r% nh, 

T% 7 8 5t(Z)^St4 0^^-;PKt§ o 

0. 5 < C/5^<7>^*PiS*t? 7 8 O^^T^SPb, P 8 il^ 

^-r^>o p B ipcop®^^ yntft ^^©a* 

//m8Si45 0 $^>{-, PN^J^ONeIco 
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[0 0 3 8] i 1 0 tu, 2&}&<D'7xny7J*$:7jk-i- 0 ftfj 
j*ft#-M£fflfEfclS«fc** h-fSo Si\ 9 2 5t 

*6tf>5 0 ft»it« 1 t/»"e9 2 Ot*t»»U NH 

5S»S:«ft;*ii:5o rtb3& s ¥flSJ-JSi"S*"e, 90 0 
WMt^o^U-^KtSc l 

y T»««r±W'T*3<o 
[0 0 3 9] ^tf)^rj£T\ PN«^J,fc*. 0J»J:< 7 

ty7**t>NH,^lCj:5, 10 16 cm- 3 O^-^ 

[0040] *^w^m*^^^--iHiKoiiJ£^fii^ 

l f^tgh^^4 2 <h h7^^4 3, fc^Tflgfii 

asemBE«3as4 o vi*5 ±5t, mmrcgms* 

£rSt/£L-t*5< 0 ££>JKjB«EEtt> H 8 J: 5 fc, 

St4 5, 4 6*5<fcU?*fe^*^-r^— K4 7 S:ii[y!IJ2:o 
Sbfc:, «tt4 6i:«3t^*-K4 7KafeWfc 
»*t>fy^#4 8S:oftCo #fiHgSt4 6l::J:?K % 

«t9. «ffi*fk^TIS«flE(Z>u^/wi:«3e:^ y^^4 
8 0^>T^^^^«EE (V s ) fc^jSlEfc-frb^ mf 
IS, TP5mJE^±om^}- , y ^^4 

[0 0 4 1] ±fS(^)J:5*ia«Sfl|*fcJ:5, BWB, 
<©TIE«BEK±^li^tt, «SEttffiSt4 6 0fc»^»36 
Wy^^4 8il(5^«^ H»JC383ti"5o * 
fc, SulS, TH«EEKT^*5i:, SHfcINf y 4 8 

[0 0 4 2] 
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N®-<-;*ji, *JJ:WPa^5 2x^HS:l««feJ»fiEbfcP 

[0 0 4 3] #«W<^*#3£B"CKJ\ ±izli^38 

#1K<f y ****** *36feO»*5*3t^>f^-Ki: 

[0 0 4 4] Sfefc*fc, 

[Hi] **Mo38*f->f y^^*^o«JtttMH 

[13 2] ^^f y^tt(7)gv^t>f y ^^i^ 

20 ®JE-®Sfc4#t£H 

[S3] y^^^wttcosv^jt-^^ y ^^m^(D 

[E94] *»M<Z>*3t-^>f y y T^ftT* 

[0 5] **W«)3S*1>->f y^** : P«:fflv^2fe** 

[H6] ^mm(om^4 y^^*^s^fflv^fcs^& i e^ 
[H7i ia6^*5its*sa^«-?-«i?KS:*"t'ia 

30 [0 8] El6cO[HlSSi-*5V^T, tt*ffiO«0E£3gfi=i-Y 

[Bi 9] **w^**^>r y^^*^ois!3exa^*5tt 

[01 0] *«W^38*1>--f y^^*^«Jtxeic:43 
**5 2 0gc^^ffi3ib o ^^i/^/^S^^M>aaffll0 
[»§©Rfl] 

1 *ftxf y !>AONfflm»«*« 

2 Nlx> ^ ^jf 

3 Pi/<-7i 
40 4 Nl^^l 

5 PSx^^^i 

2 1 ^fe«3fc*V K 

2 2 #3iG^>r y**** 

2 3 3 *S^383fc 7 ^;Az>*iii8* 

2 4 3 MH=-38#9 iy^f<o^%¥4 it— KfliJ<z>ffl8UflB* 

2 5 3ffi^*7>-^^7tf-^ y^^fflijcofiguaK^ 

4 i fgfiflb 

4 2 igfyy^ 

4 3 h7^7^ 
50 4 4 — 46 Jgfet 
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